Considerable advances in cancer therapies in recent decades have reshaped the prognosis of cancer patients. There are now estimated to be over 20 million cancer survivors in the USA and Europe, numbers unimaginable a few years ago. However, this increase in survival, along with the aging of the patient population, has been accompanied by a rise in adverse cardiovascular effects, particularly when there is a previous history of heart disease. The incidence of cardiotoxicity continues to grow, which can compromise the effectiveness of cancer therapy. Cardiotoxicity associated with conventional therapies, especially anthracyclines and radiation, is well known, and usually leads to left ventricular dysfunction. However, heart failure represents only a fraction of the cardiotoxicity associated with newer therapies, which have diverse cardiovascular effects. There are few guidelines for early detection, prevention and treatment of cardiotoxicity of cancer treatments, and no well-established tools for screening these patients. Echocardiography is the method of choice for assessment of patients before, during and after cancer treatment.
Introduction
Cardiovascular disease and cancer together account for around 60% of deaths in the western world. In Portugal, data from the National Institute of Statistics for 2013 show that the leading cause of death is cardiovascular disease (29.5%), followed by cancer (24.3%). 1 Nevertheless, survival rates for both diseases have increased in recent decades, as a result of significant advances in treatment. Five-year survival in the USA improved from 50% of patients diagnosed with cancer between 1975 and 1977 to 68% in those diagnosed between 1999 and 2005, and there are currently over 14 million cancer survivors, numbers unimaginable a few years ago. 2, 3 However, as survival improves, the late adverse cardiovascular effects of these therapies have become increasingly important.
It therefore makes sense to adopt a multidisciplinary approach to these patients, involving cardiologists, oncologists and radiotherapists in a cardio-oncology program. Interestingly, cardiovascular disease and cancer have risk factors in common, such as obesity and diabetes, and are often found in the same patient.
Cardiotoxicity is a common and well-known adverse effect of many conventional cancer therapies, especially anthracyclines and chest radiation, but may also occur with new biological therapies. It can affect survival and quality of life independently of cancer prognosis.
The most frequent adverse cardiovascular effects of cancer treatments include left ventricular dysfunction (symptomatic or asymptomatic), hypertension, arrhythmias, prolonged QT interval, thromboembolism and myocardial ischemia. 4, 5 Renal failure can also occur.
Unlike the cardiotoxicity associated with conventional cancer therapies (type I), that associated with biological therapies such as trastuzumab (type II) is usually reversible with discontinuation of treatment 6, 7 or treatable by medical therapy, such as hypertension associated with angiogenesis inhibitors such as sunitinib and bevacizumab. 8, 9 Furthermore, as therapeutic options evolve, conventional treatments are likely to be associated with one or more biological therapies, increasing the probability of cardiotoxicity.
Although cardiotoxicity associated with systemic cancer therapies is well understood, less is known about early and late cardiotoxicity due to new biological therapies or the early and late consequences of interactions between therapies. 10 It is thus increasingly important to identify early biomarkers of cardiac involvement. 11 The aim of this article is to provide a brief review of the state of the art and to recommend clinical practices that will improve the early detection and treatment of patients with cardiovascular complications arising from cancer therapies, by means of a multidisciplinary approach in a cardio-oncology program.
Anti-cancer drugs Anthracyclines
Anthracyclines (including doxorubicin, epirubicin, daunorubicin and idarubicin) are among the most commonly used drugs for chemotherapy and are especially effective in treating breast cancer and lymphoma. However, their effectiveness can be compromised by adverse cardiac effects, particularly heart failure (HF), which may appear early (weeks or months) or late (years) after treatment.
Recent research has shown that anthracyclines selectively inhibit the genetic expression of cardiac muscle. Doxorubicin binds to DNA by intercalating between specific bases and preventing the synthesis of DNA, RNA or both, thereby disrupting replication and transcription. The cardiac effects of the anthracyclines are associated with the inhibition of topoisomerase II and the formation of free oxygen radicals. These changes in genetic expression can lead to cardiomyocyte apoptosis and progressive loss of myofibrils in cardiac muscle. 12, 13 The main risk factor for the development of HF in anthracycline chemotherapy is the cumulative dose. The incidence of symptomatic cardiotoxicity with doxorubicin ranges between 5% for 400 mg/m 2 to 48% for 700 mg/m 2 . 14, 15 It is estimated that more than half of patients treated with anthracyclines will develop cardiac changes within six years, and they have a five-fold greater probability of suffering HF than those not receiving these drugs. 16 Other risk factors include older (>65 years) or younger (<18 years) age, female gender, hypertension, previous heart disease, diabetes, and previous chest radiation. Combined therapy with cyclophosphamide and taxanes, common in the treatment of breast cancer, can increase the risk of cardiotoxicity. 17
Trastuzumab
Trastuzumab, a monoclonal antibody with a high affinity for the HER2 receptor, has changed the natural history of patients with HER2-positive breast cancer, which accounts for 25% of breast cancers and is associated with a worse prognosis. Treatment with trastuzumab increases survival by 33% and reduces the risk of recurrence by 50% in these patients. 18, 19 However, it is associated with cardiotoxicity, with a greater incidence of symptomatic and asymptomatic left ventricular dysfunction (ranging from 4% as an adjuvant to 27% in metastatic disease).
The cardiotoxicity found with trastuzumab differs from that associated with anthracyclines, since it is doseindependent and does not lead to the ultrastructural alterations typical of the latter. 20 Proposed methods to reduce the cardiotoxicity of anthracyclines and trastuzumab include measurement of biomarkers such as troponin I and NT-proBNP, echocardiographic assessment of baseline left ventricular ejection fraction which is then monitored throughout treatment, and determination of ventricular global longitudinal strain ( Figure 1 ). According to the results of these exams, cancer treatment may need to be suspended or discontinued and treatment for HF begun. 21---24 This type of cardiotoxicity, characterized by left ventricular dysfunction, should be treated using the same drugs used for HF of other etiologies (angiotensin-converting enzyme inhibitors, angiotensin receptor blockers and betablockers), in accordance with the European and American guidelines for HF. 25---27 
Angiogenesis inhibitors
Tumor growth is initially fed by nearby blood vessels, but when the tumor reaches a certain size, these vessels are no longer sufficient and in order to continue growing, the tumor must acquire the ability to generate new vessels, a process known as angiogenesis. To do so, tumor cells increase vascular pro-angiogenic factors such as endothelial growth factor (VEGF) and reduce angiogenesis-inhibiting factors. 28---30 Hypertension is the adverse cardiovascular effect most frequently associated with VEGF inhibitors. The mechanisms behind VEGFI-induced hypertension are complex and multifactorial and are not fully understood. VEGF has vasodilatory effects by enhancing nitric oxide release; inhibition results in vasoconstriction, increased peripheral vascular resistance and hypertension. Other effects of VEGFI, such as endothelial dysfunction, vascular remodeling, arterial stiffness and capillary rarefaction, also appear to contribute significantly. 32---34 A potent vasoconstrictor, endothelin-1 (ET-1), has also been implicated in VEGFI-induced hypertension. Its secretion appears to be increased in the presence of endothelial dysfunction, and there is evidence from clinical trials that raised ET-1 levels parallel increases in blood pressure (BP) in patients undergoing treatment with VEGFI. 35 Virtually all patients treated with VEGFI have raised BP, and some develop hypertension; the greatest rise in BP is seen in the first cycle of VEGFI treatment. Hypertension is not an adverse effect of the treatment but a result of VEGFI-targeted treatment. This has raised the possibility that hypertension could be used as an indicator of the efficacy of the antiangiogenic response to VEGFI therapy and hence as a biomarker of good treatment outcome. 30---32 As well as a dose-dependent rise in BP, angiogenesis inhibitors are also associated with increased risk of proteinuria. Some patients may develop glomerular disease or thrombotic glomerular microangiopathy leading to renal failure. These are reversible following immediate discontinuation of treatment.
There may be neurological complications in patients who develop hypertension, including posterior leukoencephalopathy syndrome, which is reversible by treatment discontinuation. VEGFI-induced raised BP has a characteristic profile of rapid onset, within hours of beginning treatment, and systolic BP is more affected than diastolic. The incidence of hypertension is dose-related and is higher when multiple antiangiogenic agents are used in association.
The aim of optimal antihypertensive therapy is to enable VEGFI treatment to continue safely without altering the dose. To this end, a baseline cardiovascular assessment is recommended before therapy begins, including serial BP measurement. It is also important to assess renal function and proteinuria, since renal involvement can cause new-onset hypertension or worsen existing hypertension. The goal is not to exclude patients from such treatment but to assess their baseline risk and to monitor them closely. Antihypertensive therapy should aim to maintain BP below 140/90 mmHg, or 130/80 mmHg in the presence of diabetes or chronic renal failure ( Table 1) . 33---36 Various antihypertensive drug classes are used to treat hypertension in cancer patients. All are effective, and no class has been shown to be superior to any other, but care must be taken with the non-dihydropyridine calcium channel blockers verapamil and diltiazem, which are also CYP3A4 inhibitors. Since endothelial nitric oxide is a putative mediator of angiogenesis, agents such as nitrates and nebivolol that increase nitric oxide levels are recommended for hypertension treatment in these patients. 33 When therapy begins, regular BP assessment is recommended during the first treatment cycle and every 2-3 weeks thereafter; patients should be advised to measure their own BP at home. Assessment should be more frequent if patients are also taking drugs that increase the risk of hypertension such as anti-inflammatory agents or erythropoietin.
If systolic BP reaches ≥200 mmHg or diastolic BP reaches ≥100 mmHg, the dose of anticancer drugs should be reduced or treatment suspended. The dosage should be maintained at the highest level that the patient can tolerate, aiming to reduce the short-term risk of events associated with hypertension (stroke, myocardial infarction, or HF) while maintaining effective doses of antiangiogenic drugs.
There are no specific guidelines for VEGFI-induced hypertension, and so therapy should be based on the European Society of Cardiology (ESC) and National Cancer Institute guidelines 37, 38 (Figure 2 ).
Radiotherapy
Radiation of the heart can lead to radiation-induced heart disease (RIHD), which is related to cumulative dose (the product of the number of treatments and radiation dose) and can be exacerbated by chemotherapy, especially anthracyclines. Manifestations of RIHD can be acute but are usually only seen years after treatment. It has various adverse effects, including HF, coronary disease, pericarditis, valve disease and arrhythmias. It may also be aggravated by risk factors that are common to heart disease and cancer, such as obesity, sedentary lifestyles, diabetes, hypertension and smoking.
The dose-dependent increase in cardiovascular disease following chest radiation is well documented, especially with lymphoma and breast cancer (particularly of the left breast), and cardiovascular disease is the leading non-cancer cause of death in these patients. Studies analyzing the long-term risk/benefit ratio have shown that the positive effect of radiotherapy may in fact be partly canceled out by cardiac complications. 39, 40 However, these data are mostly retrospective and based on treatment protocols that are no longer used. The prevalence of RIHD is unknown with new radiotherapy protocols, which include planning the area to radiate by three-dimensional computed tomography (CT), using lower doses and reducing the size of the radiation field, in order to protect the heart. In breast cancer, for example, CT planning avoids including the heart in the radiation field, while excluding the internal mammary lymph nodes enables doses to the heart to be reduced. Another technique is fractionating the radiation dose; some studies have shown that the more the dose is fractionated, the lower the incidence of acute pericarditis and myocardial necrosis. These new protocols are intended to reduce the incidence of RIHD, but there are as yet no long-term follow-up data. Ionizing radiation can damage virtually all cardiac structures. Its effects on the vascular system are seen at both microvascular and macrovascular levels. At the microvascular level, it leads to loss of endothelial cells, triggering an inflammatory response, vascular injury and ischemia.
BP measurement at baseline
The resulting fibrosis appears to be due to the process of cell repair rather than to the direct effect of radiation. Macrovascular changes include accelerated arteriosclerosis and coronary artery obstruction, leading to acute coronary syndromes at younger ages.
Diffuse fibrosis after radiotherapy, which can be identified histologically in both myocardium and pericardium, can result in restrictive myocarditis and constrictive pericarditis. 41---45 There are no guidelines for cardiac monitoring in these patients. To minimize the risk of RIHD, patients at high risk for cardiac events should be identified before beginning radiotherapy and, when appropriate, cardiac assessment should be repeated for the rest of their lives.
In patients who have undergone chest radiotherapy, cardiac function should be reassessed every 10 years, or every five years in those considered at high risk for RIHD ( Figure 3 ). 46
Cardio-oncology program
A cardio-oncology program should have three main components: (1) cardio-oncology clinic; (2) training; and (3) research.
Cardio-oncology clinic
Objectives -to provide specialized cardiological care to patients with cancer and a history of cardiovascular disease or who develop cardiac complications during cancer therapy; -to optimize cardiac care in cancer patients undergoing potentially cardiotoxic therapy; -to improve knowledge of cardiac complications of cancer treatments; -to promote early detection of cardiotoxicity (using clinical, laboratory and imaging biomarkers, of which echocardiography is the most important) and to establish intervention strategies to optimize cardiological care; -to improve patients' prognosis through a multidisciplinary and integrated approach involving different health professionals (physicians, nurses and technicians).
The clinic's protocols for monitoring cardiotoxicity should include three steps ( Table 2) : assessment before beginning cancer therapy, particularly in patients with cardiovascular risk factors; assessment during treatment, in order to detect and treat cardiovascular complications promptly; and monitoring after treatment (Tables 3 and 4 ). The use of a risk score enables better identification of patients who should be referred for cardio-oncology consultation ( Table 5) .
Appropriate algorithms that are easy to apply in clinical practice are needed in order to enable prompt detection and monitoring of cardiotoxicity. 47---50 Finally, continuous quality control should be implemented, possibly using the 'plan, do, check, act' (PDCA) method. The results will permit analysis of the quality of the program, evaluating therapeutic decisions, outcomes, safety profile, and patient satisfaction measured by questionnaires. There should also be recommendations on how to combat risk factors, including patient education. Records need to be kept and study and training plans, both undergraduate and postgraduate, should be prepared. 55 for both oncologists and cardiologists, at a basic or advanced level according to individual options. 51---58
Research
Clinical and translational research projects should be organized aimed at early identification of cardiotoxicity and of individual susceptibility to developing adverse cardiac effects.
Cardiotoxicity is an increasing concern in clinical and preclinical trials of new drugs. Adverse cardiac effects often result in discontinuation of cancer therapy. There is therefore a growing need for better prediction of the risk of cardiotoxicity of new drugs at an early stage in their investigation. 59---61 
Conclusion
Survival rates of cancer patients have increased, due to new therapies. However, this notable achievement may be overshadowed by the adverse effects of these therapies on the cardiovascular system. Manifestations of cardiotoxicity may be acute or late, months or years after the end of treatment. It can also exacerbate or unmask existing cardiac conditions. The development of cardiovascular disease during cancer therapy may lead to changes in the therapeutic regime, such as alterations in dosage, duration of cycles, and temporary or permanent discontinuation of therapy, and can thus reduce its effectiveness.
The new medical subspecialty of cardio-oncology has arisen in response to the need to detect cardiovascular involvement as early as possible and to optimize cardiological treatment in cancer patients, both during therapy and long-term. The importance of a multidisciplinary approach is recognized by European and American medical societies and other organizations, and should become standard in the follow-up of these patients. Close collaboration between specialties will also help establish clinical guidelines and clinical and translational research protocols that can respond to the need to predict, prevent and treat cardiotoxicity.
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